To determine whether women with CIN2 versus CIN3 on pretreatment cervical punch biopsy have less high-grade cytology recurrence following cold-coagulation cervical treatment.
Introduction
High-grade cervical intraepithelial neoplasia (CIN) is considered a precursor lesion to the development of invasive cervical cancer [1] . According to the 2012 Lower Anogenital Squamous Terminology (LAST) for high-risk human papilloma virus (HPV)-related lesions of the lower genital tract, CIN2 and CIN3 lesions are grouped together as "high-grade" and are managed in the same way [2] . There is evidence that the risk for progression of a CIN2-3 lesion to microinvasive cancer is less than 10 % with estimated time intervals ranging from 10 to 25 years [3] . However, there are recent reports that the invasive potential of CIN2 and CIN3 lesions is not the same and even though both are considered as "high-grade" they demonstrate different rates of progression to cervical cancer and possess varying rates of spontaneous regression. In studies with biopsy proven but untreated CIN3, the risk of progression to cervical cancer has been reported about 40 % (1 % annually) in England and Wales [4] and 15-23 % in Sweden [5] . In a study from New Zealand, the estimated risk of cervical cancer for biopsy proven but untreated CIN3 was 31 % at 30 years as compared to a 0.7 % cancer risk at 30 years in women receiving cervical treatment for biopsy proven CIN3 [6] .
In contrast, there is a growing body of evidence that CIN2 lesions have a high rate of spontaneous regression such that they should not always warrant an immediate intervention as in the case of CIN3 but could be managed conservatively. For women under 25 years of age with biopsy proven CIN2, the spontaneous regression rates described in the literature range between 59 to 68 % [7] [8] [9] [10] , with annual regression rates being reported of 15-23 % [3] . Moreover, for women over 25 years of age with biopsy proven CIN2, the spontaneous regression rates described vary between 40 to 74 % [11, 12] .
The primary objective of our study was to investigate whether women with CIN2 vs. CIN3 on pretreatment cervical punch biopsy had a different high-grade cytology recurrence rate following ablative cervical treatment thus lending support to the literature evidence that CIN2 has a different aggressive potential and might be regarded as a different entity to CIN3 even though they are both considered as "high-grade".
Materials and Methods

Study design
This was a secondary analysis of data from an observational cohort study of women treated with a single cold coagulation cervical treatment at the Shrewsbury and Telford Hospitals (SaTH) NHS Trust, between January 2001 and December 2011 [13] . Those women with a previous excisional or ablative treatment or with no cytology follow-up data were excluded from further analysis.
We selected to identify the high-grade cytology recurrence of women in our cohort which was defined as moderate or severe dyskaryosis following cold coagulation treatment. The high-grade cytology recurrence was determined at the time intervals of 6 months, 12 months, and then annually thereafter. We chose the high-grade cytology recurrence as our primary endpoint instead of the overall cytology recurrence because this rendered a repeat excisional treatment in almost all cases of women initially treated with cold coagulation.
The cytology history of the patients before and after treatment was taken from the SaTH colposcopy and cytology databases. Follow-up of women was done mainly in primary care settings in accordance to the National Health Service-Cervical Screening Programme (NHS-CSP) guidelines with the exception of the first posttreatment cytology test that was done in the colposcopy unit. Information on cytology follow-up was obtained until December 2012.
Other data collected from the SaTH colposcopy and histopathology databases involved the patientsʼ demographics (age, parity, smoking), referral cytology (normal, low-grade cytology: borderline nuclear changes in squamous cells/mild dyskaryosis, high grade cytology: moderate/severe dyskaryosis), pretreatment cervical punch biopsy features (number, maximum depth, endocervical crypt involvement [ECI], histology: CIN2 or CIN3) and pretreatment colposcopic appearance (normal, HPV/inflammation/benign, low-grade, high-grade).
Criteria for colposcopically directed punch biopsies
British Society of Colposcopy and Cervical Pathology (BSCCP) accredited colposcopists performed all colposcopy procedures. The decision to perform cervical punch biopsies in women attending for colposcopy was based on the combination of cytological and colposcopical findings [14] . A colposcopically directed biopsy was carried out when most of the ectocervix was replaced with a high-grade abnormality, when a low-grade colposcopic appearance was associated with high-grade dyskaryosis on cytology testing, and when a lesion extended into the endocervical canal [15] .
Cold-coagulation cervical treatment procedure
Cold coagulation treatment was offered to women with no suspicion of invasive disease on examination and all women had pretreatment cervical punch biopsy in accordance to national guidelines [15] . The Semm cold coagulator (WISAP company, model no. 60001; Brunnthal, Munich, Germany) was applied to the cervix with a minimum temperature of 110°C and maximum of 120°C. Treatment application lasted for a minimum of 20 seconds with a minimum of one application and a maximum of four applications. Prior to treatment the cervix was infiltrated with local anaesthetic using 1-3 vials (Citanest 3 % with Octapressin, 2.2 ml vials). 
Statistical analysis
Quantitative variables are presented with mean and standard deviation (SD) or with median (interquartile range) values. Qualitative variables are presented with absolute and relative frequencies. For the comparison of proportions, χ 2 and Fisherʼs exact tests were used. Studentʼs t-tests were computed for the comparison of mean values. Kaplan-Meier survival estimates for high-grade cytology recurrence and survival were graphed over the followup period. A multiple Cox proportional-hazard model was performed in order to evaluate if the histology of pretreatment cervical punch biopsy was independently associated with high-grade cytology recurrence. Hazard ratios (HR) with 95 % confidence intervals (95 % CI) were computed from the results of the Cox regression analyses. The assumption of proportional hazards was evaluated by testing for interaction with a continuous time variable. All reported p values were two-tailed. Statistical significance was set at p < 0.05 and analyses were conducted using SPSS statistical software (version 19.0).
Ethical approval
Ethical approval for collection and management of data in our study was obtained from the Research and Development Department of the Shrewsbury and Telford Hospitals NHS Trust.
Results
From January 2001 to December 2011, a total of 402 consecutive women were identified having had cold coagulation treatment, with 260 (64.7 %) having CIN2 and 142 (35.3 %) having CIN3 on pretreatment cervical punch biopsy. The mean follow-up period in the cohort was 2.8 years (SD = 2.1) with a median equal to 2.1 years (IQR = 1.1-3.9). Sub-group analysis in women with CIN2 versus CIN3 on pretreatment cervical punch biopsy ▶ Table 2 shows the clinical characteristics of the two subgroups of women according to the histology of pretreatment cervical punch biopsy. Women with CIN2 on pretreatment cervical biopsy when compared to those with CIN3 had less frequently highgrade referral cytology and high-grade pretreatment colposcopic appearances, and had less pretreatment cervical biopsies taken.
Demographics and clinical features of the total sample
▶
Clinical features of women with high-grade cytology recurrence at follow-up
▶ Table 3 shows the clinical features of the n = 13 women who had high-grade cytology recurrence in the follow-up period. The majority of women (92.3 %) had high-grade cytology recurrence within the first two years of treatment. Twelve women had subsequent excisional treatment of which n = 4 had CIN3, n = 4 had CIN2, n = 1 had CIN1, n = 1 had negative histology and n = 2 had stage Ib1 cervical carcinoma. Those with invasive cancer in the excisional tissue specimen were both from women with CIN3 on pretreatment cervical biopsy.
Multiple regression analysis for high-grade cytology recurrence in women with CIN2 versus CIN3 on pretreatment cervical punch biopsy
During the follow-up period, women with CIN2 on pretreatment cervical biopsy had less high-grade cytology recurrence when compared to those women with CIN3 (5/260 or 1.9 % vs. 8/142 or 5.6 %, p = 0.046). Inversely, cold-coagulation treatment for CIN2 was over 98 % successful versus only 94.4 % for CIN3 on pretreatment punch biopsy. Multiple stepwise Cox regression analysis showed that women with CIN3 on pretreatment cervical biopsy had 3.21 times greater hazard for high-grade cytology recurrence (HR = 3.21, 95 % CI: 1.05-9.89; p = 0.041) in comparison with CIN2 cases. Kaplan-Meier estimates for high-grade cytology recurrence according to CIN2 versus CIN3 on pretreatment cervical punch biopsy are shown in ▶ Fig. 1 (log rank test, p = 0.049).
Discussion
We have shown that women with CIN2 on pretreatment cervical biopsy when compared to those women with CIN3 had less frequently high-grade referral cytology, less high-grade pretreatment colposcopic appearances, less pretreatment cervical punch biopsies taken, and smaller rates of endocervical crypt involvement in pretreatment cervical biopsies. In addition, during the follow-up period women with CIN2 when compared to those with CIN3 had less high-grade cytology recurrence rates. If CIN2 and CIN3 had presumably the same aggressive potential since they are both grouped together as 'high-grade', then we would expect ▶ the high-grade cytology recurrence potential following treatment to be similar. Nevertheless, the high-grade cytology recurrence was significantly different between the two subgroups of women with CIN2 versus CIN3 on pretreatment cervical biopsy, even though patient demographic features such as age, parity and smoking status were similar. There are some explanations reported in the literature why CIN2 lesions seem to have a less aggressive potential when compared to CIN3. First, even though a cervical tissue specimen may be reported as CIN2 there is always an important consideration of misclassification of diagnosis and over-reporting of CIN2 when the abnormality is in fact low-grade [9, 16, 17] . There are reports that CIN2 is the least reproducible of all cervical diagnoses, and it is possible that the less aggressive nature and the regression of CIN2 is dependent on the individual pathologist reporting the lesion [17] [18] [19] .
Second, even if there is no misclassification of diagnosis, there are several reports in the literature that support that there is a true regression potential in women with biopsy proven CIN2 [3, [7] [8] [9] [10] [11] [12] . For women under 25 years of age with biopsy proven CIN2, spontaneous regression rates have been reported as high as 68 % [8] [9] [10] . For this reason the American Society for Colposcopy and Cervical Pathology (ASCCP) in their 2012 updated consensus guidelines have quoted that in young women with a histologic diagnosis of CIN2, treatment is acceptable but observation is preferred [20] . Furthermore, a population-based study has shown that screening women with cytology tests under the age of 25 did not reduce the incidence of cancer in young women which supports the hypothesis that in this age group there might be high spontaneous regression rates of high-grade lesions [21] . For women over 25 years of age with biopsy proven CIN2, there are reports that spontaneous regression rates of CIN2 are higher if the referral cytology test is low-grade [11] and the tissue sample is HPV-16 genotype negative [12] . Moreover, it has been suggested that a biopsy of a small lesion can possibly remove it entirely or it may initiate an inflammatory response that may be curative [22] [23] .
Since cervical treatment has been associated with obstetric morbidity in subsequent pregnancies [24] , there are several reports on how to stratify the risk of women with biopsy proven CIN2 and guide clinical management to either conservative management or cervical treatment. Functional biomarkers such as Ki67, pRB, p53, cytokeratin 13/14 and cytokeratin 2 have proven to be helpful in predicting regression of CIN2 or not [25, 26] . Other studies have shown that HPV-genotyping in CIN2 diagnosed young women with low-grade cytology tests is a useful stratifier of risk, with those that are HPV16-negative being potentially able to be managed less aggressively through increased surveillance rather than immediate treatment [12] .
There are certain limitations to be considered about our study. First, we measured the cytology-only recurrence at follow-up in our cohort. HPV test of cure had not been introduced at our Trust until after our data collection had been completed in December 2012. Second, recruitment of patients went as far back as 2001 meaning that some may have had Pap testing instead of liquidbased cytology which may have influenced the cytology recurrence rates recorded [27] . Third, smoking status was available for women at the time-point of their cervical treatment and not during follow-up. For this reason, we were not able to adjust for smoking as a confounding factor at follow-up when assessing cytology recurrence after cervical treatment. Fourth, if more pretreatment cervical punch biopsies had been taken in women attending for colposcopy then perhaps more patients with CIN2 or CIN3 may have been detected and therefore treated, thus possibly altering the final results. Finally, the lesion size could not be accurately identified and measured. Even though data were available for the number of quadrants of the cervix that were involved by the lesion, this could not be considered as an accurate representation of lesion size. For this reason, we were not able to adjust for the lesion size as a confounding factor during our analyses.
The main strength of our study is that most patients have been followed up in the primary care settings of the wider area covered by SaTH hospital with few women relocating to other areas. For this reason, we had a relatively small number of missing values from the cytology follow-up as recorded in our colposcopy databases. Another strength includes our sample size and the ten-year length of follow-up.
Conclusion
Our study has shown that women with CIN2 on pretreatment cervical punch biopsy in comparison to those with CIN3 had less high-grade cytology recurrence following cold-coagulation treatment. Our findings lend support to the literature reports that CIN2 even though a high-grade abnormality might be considered a different entity with a lower aggressive potential in comparison Fig. 1 Kaplan-Meier estimates for high-grade cytology recurrence according to CIN2 versus CIN3 in pretreatment cervical punch biopsy (log rank test, p = 0.049). with CIN3. At present, it is recommended that women with the histologic diagnosis of CIN2 have some type of cervical treatment either in the form of excision or ablation [15, 20] . Further studies are needed to clarify when it is safe to adopt an expectant management for CIN2.
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